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The present inveb2 tga Lon de! the hatare’ ind Rechant sa 6f“etecerienl cons o!: 
ductivity of polymeric films incorporsting various organic solvent-compatible 
salts and complexes was inspired initially by our research in the area of 
fon selective electrodes. Ion selective electrodes (ISE), one of the most 
exciting recent developments. in electrochemistry, permit rapid, reliable, 
selective, and sensitive potentiometric sensing of a wide number of inorganic 


(1, 2) and organic (2) cations and anions as well as of fonogenic species 
(e.g. of CS; CSo + RpNH: + RAWCS5,H*) (3). In the course of our ISE work 
we discovered that a metallic conductor (Cu, Pt, Ag, etc.), when coated with 
a tin polymer film {Pve, polymethyImethacrylate, epoxy) in which a suitable 
organic-soluble salt was dissolved, would serve as an fon selective electrode 
in & manner equivalent, or in many cases, (4, 5) superior to the conventional 
“barrel type of “liquid membrane” ion selective electrode. Our fon selective 
electrodes, termad “coated wire" electrodes, have the further structural ad- 
vantages of simplicfty and concomitant very low cost, of ruggedness so that 
they can be used tnjvarous field applications (including in situ oceanographic 
measurements as will be described later), and of miniaturization to a point 
where they could serve in intracellular measurements. Having no internal 
reference solution, the coated wire electrodes can be placed in any attitude 
(the barrel type must be mounted vertically or nearly so). 

The mechanism of electrode behavior of the coated wire electrode, or 
even the fact that they function well, is something of a mystery in terms of 
orthodox electrochentcal principles. In fact; one of the active and prominent 
workers in the ISE field, Prof. G: Rechnitz of SUNY Buffalo, referred to 
coated wire electrodes as “those improbable devices” in his plenary lecture 
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at the International Conference on ISE at Cardiff, Wales in 1972. Although no 
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A further extension of the résearch fiivolved ‘examiiriatton ‘of coated wire” ° 
electrodes involving the so-calted “vieuttal carPfers”. these are'o? thtérest 
from a number of points of view - (a) the fons involved, ‘such as ‘K*, have great | 
relevance te probleds ‘Of déeanographtt analysts (6); (b) ‘the systens tre’ 
quite'siint tar to ‘those ‘tnvblved in transport’ ‘Gf fons tw btochadt ca wailed’! *? 
(c) the concentrations of the very expensive rdagents used ‘th’ the polymeric «2° 
films are so low éflut: prope Aurkct fontng' Urtereut ly Heqit AWW “aie Yncorporation 
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of suitable plasticizers tn the fin. rec) these Systems, we, wanted to address 
ourselves to fundbiateh neisbane dew tilt: Amportant: practical: ‘implications. 
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temperature to explore this and alternate explanations. The eftect of plas- 


; nat ot Biet <sgotsh & Se jvoe® [astadas 
tictzers. on various: po lyn yweric: fVim electrodes has been reported to be variable 


tieqeay ghis Yo 


‘ban yourteyeqiags 2uotvv se eefivd? eonatayhred 


a 
of. 


on MguodsiA .Svef at eafel Pow) Is 321 no soner9taed tenor tanwedel ogy 16 
ond SAGES SEA: ocAnayptepenie, study ila ital ‘as 
Haing, the effects. thet, con. be expected: and how. to. optimize their.use dao. ii )% 
developing properly. fupct toning pjertrodes...We. planned te. interface, Aur xr19%0) 
polymer f{im. conductivity experiment, toa. minicomputer. in a manger,that would 
not only improve the quality of the data required in. the.determination.@f on.» 
“steady-state® conductivity and {ts temperature comtfictent, tut would a)s0,) 1: 
Permit a more quantitative and useful examination of transient phengmanas .cgiios 
oceyrting 17 the first second.or twa, .Stydyaf such transients «ill present ..07 
an opportunity to obtain further discriminating evidence in the nature of the... 
charge conduction process(es) .in.the polymer films... to nofanstxs. iedyout A 

sR following technical reports have been published describing the sso) o9 > 
research arising from, this gnant: “ot aat (a) - wotv to afntog to toca & Bott 
Technica}. .Renart, 41, 1, March 1973, :Conductance of Quaternary famoniva 
Salt, Dispersions, in Polymeric Films"... This was, also published in Ana); £hemes. 
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net saroqrao polunt ons, of quaternary ‘ammonium salts es ob att emit? 
materials exhibit unusually high temperature 


ROTO O'gFPRUYUMEH P'ETUCLAMENY Sbaaicb ivi Expand ts ngs 
. ono 1 So ane described witch taticate that wonductt on wight!) ' of cov sequ0 
oS no BP RNRApRAS through, @ combination, of. Slactronic,. 1; 8? .alanaxa tal 


and fonic varirhietr The materials studied show me 
bef {iss 2 Uhonltse” ak *¥hyow- y th of istore”. The E Ins resulta am Wo Ss asatpeoes 
bonne | ‘satel ee MYO ee ac Re te Yaoi stansrt teste 
to no Pecently developed. coated.wire, jon, selective: elec- “rrigefeto st? to 


trodes. : 
-2gfq to fastts od? .2cottensiqna sigatvetis bers 243 sil fqze of Stu ls yoqnes 


Technical Report #2, 4 October 1974, *Polymert c Thera store tors”. Abstract... 


gidgtysy 3d of Igo) sae 2ER 25 


of this report: 
Conductance studies at various temperatures and 


Tie RGIS REE OPER RE ONES en ee 5 s path vs r F 


e xs 
5 ~§- wai . 


fast ads dives have Been ‘carried ‘out’ Ui’ polymeric fins 0? robs al 


chlorides and selected plasticizers. In addition, 
dielectric constants measurements have been made 
on these materials. The work is discussed in terms 
of its bearing on the mechanism of electric con- 
duction. in 444 Ted. polymeric #fags 9 Ts solvated Teotwtosa | 
Technical Report #3, 6 April 1975, “Electrical Ciaige Conducted. Mech? 
anism in Polymer Membrane Ion Selective Electrodes". This’ Was 8180 pulll ished 
in AnaP. chem: ; "47 °8049°(1975)2 “Abgtrdée of this Paport! oo! 729° 9 
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Electrical nrapertics of, polymeric mixtures :{acorporating the |. ,,) 
macrotetrolide antibiotic: yal inomyctn-are-of current great interest because 
of their widespread meg gaging ‘in a number 
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of studies reported sin fe ¥tera rature, ‘the performance of these 
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controlled. Further Pine’ ‘plasticize * used “demonstrated'a dus ‘role: it acted 
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both as a “mediatar’ os solvent for the.valinamycin as, wetl.an.a.golmer 
softening agent, presumably permitting gredter‘dtffuston-1n the polymer. 
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All samples contained. 1 mg valinomycin/m) of 5% Polymer solution. 
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Triplicate samples were prepared for each composition. In addition, samptes : 
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electronic inorganic semiconductor systems (1fke CdS). | os 
Studies cov aring other plasticizers with DOA reveal that jit is 
the most effective in reducing Tg (Table 1). £08 
Table I! Ps 
Comparison of Tg for PVC/Kt-Val a 
Containing 70 wt% Plastic Z Pas 
Plasticizer 4 
Dioctyladipate /O 28° 4% (at 
Dibuty!sebacate Lf | 
Dibutyladipate a 17 oS 
Diphenyl phthalate ‘ ee 28° 
Diocty! phthalate Pa 33° 
eA ae J ok 
B. Pressure- ivity Studies | 
Our previous work (10) on the study of the pressure dependence! of 
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the conductivity of the impregnated polymer films was extended to the plasti- 


cized valinomycin films. |. Intttally,-constabrable-dtftculty-wis-expertenced 
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due to the relatively high sample resistance, e.g., 10! 9. super-thin. 


"(0.001 cm) films were recast but electrical shorting of the electrodes was 
& common problem; however, sample resistances were lowered to 10°-10!%p. The 


pressure dependence of the resistance was — in the apparatus previously 
described, 
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The following variations in fila composition were used: 1.0 mg of 
potassium valinomycin or valinomycin itself (referred to as loaded or unloaded, 
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atom (protons?) curttitt-carrters from valinomycin which move along dhe p polymer 
chain by a hopping, gr .dissoctation mechanism. Such a segmental potion, ;facil- 
itated transpomt of dpidtons has-been suggested as the current-caPPytriy Wechanism 
in polyamides. 
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room temperature; and. weil. bealow, can be; made, Addition, of. too much. plasticizer, ; 
however, yields membranes that will not dry completely at room Seer eren, ee 
1s, of course, undesirable. 33 

Much effort has been devoted in this laboratory towards determination 
of the mechanism of electrical conductivity of the polymeric f tims ei 
in ISE's. These studies (10, 15) and unpe) ished results of differential | 

scanning calorimeter studies on PYC=val tnomyetin membranes have allowed us to 
predict the Tg of a PVC-valinomycin membrane as a function of the percent im 
plasticizer (DOP) present. Thus, membranes can be prepared with just ebout : 
any (reasonable) Ty. | 

It was decided, then, to test quantitatively the relationship between 
electrode response and Tg. Since the Tg, to a first approximation, is enalo- 
gous to the freezing point of the membrane, it has beer proposed that the fali- 
ure of membrane electrodes operating at temperatures ‘elon their Ty is caused 
by restricted ion mobility. That: is, the “freezing” of the electrode decrpoppe 
the fon transport through the membrane. thus resulting in a nonfunct toning 
electrode. 

As a first test of, this hypbthesis, the le electrodes, or? 
varying plasticizer content, et 23°C was. determined... The results of this study 
are shown in Figure 2. It is seen from this figure that electrode response 
(as measured by the slope obtained) decreases sharply with decreasing plasti- 
cizer content, starting at that composition at which the 1, 1s approximately 
the same as room temperature. The unsatisfactory response of the electrode . 
with smaller plasticizer content, therefore, con be said to result from the 
fact that the T, of these films has been raise? above room tesperature. 

Next an investigation of the response of these electrodes (20, 25, 30 
and 408 rag at 50°C was undertaken. If the poor response at lower plasticizer 
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